The level structure of the very neutron rich and unbound 9 He nucleus has been the subject of significant experimental and theoretical study. Many recent works have claimed that the two lowest energy 9 He states exist with spins J π = 1/2 + and J π = 1/2 − and widths on the order of hundreds of keV. These findings cannot be reconciled with our contemporary understanding of nuclear structure.
The first observation of 9 He via the 9 Be(π − ,π + ) reaction was reported in 1987 by Seth et al. [2] and its ground state was identified at 1.13±0.10 MeV above the neutron decay threshold. Seth et al. [2] noted surprisingly good agreement between the energies of the peaks in the observed spectrum of π + -mesons and the predictions of a shell model, attributing a J π = 1/2 − spin assignment to the 1.13 MeV peak. Shortly thereafter, the 9 He ground state was populated using the 9 Be( 13 C, 13 O) and 9 Be( 14 C, 14 O) reactions [3] [4] [5] and its energy was revised to 1.27±0.10 MeV. It appeared to be a narrow resonance with width of only 100±60 keV in the first high resolution study [5] . The narrow width of this state was in evident contradiction with the original expectations based on the shell model, and this fact precipitated the forthcoming experimental and theoretical studies.
With the advent of rare isotope beams, new experimental techniques to populate states in 9 He have been explored. A study of the two-proton knock-out reaction from 11 Be [6] was the first to identify a state with =0 at an energy less than 0.2 MeV above the 8 He+n threshold as the new ground state of 9 He. It was declared that the 2s1/2-1p1/2 parity inversion first observed for the 7th neutron in neutron rich 11 Be was also present in 9 He. This unusual order of shell model states is usually explained by the residual interaction of the extra neutron with protons in the unfilled shell (see, for example, the classical work of Talmi and Unna [7] ). Still, explanation of the parity inversion in 9 He requires a better understanding of the 8 He structure.
The majority of the experimental studies made after Ref. [5] supported the presence of a narrow J π = 1/2 − level at 1. He was also used and the observation of a sharp structure at 1.3 MeV was inferred, albeit with statistics of just a few counts on top of a non-zero background.
There have been various model attempts (see history in Ref. [1] ) to explain the narrow width of the J π = 1/2 − state but the calculated widths have been 5-10 times larger than is found experimentally. Additionally, a recent ab initio calculation [12] supports the model conclusions.
The existence of the =0 resonance in 9 He and its actual excitation energy has been a subject of much debate since it was first claimed in 2001 by Chen et al. [6] . There is a huge variation of the results from near zero scattering length [9, 10] all decays by nucleons are forbidden due to isospin conservation. The shaded area in Fig. 1 represents the 9 Li excitation energy region studied in this experiment and demonstrates that the isobaric analogs of the states in 9 He that are barely unbound or even bound by few tens of keV would be populated in this experiment.
The 32 MeV beam of 8 He ions with a 10 4 pps average intensity impinged on a scattering chamber filled with 990 Torr of methane gas, entering the chamber through a thin (4 µm)
Havar film. A windowless ionization chamber (IC) was installed close to the entrance window to count (for normalization) and identify the incoming ions. The the lower detection limit in CM energy increases from the top to the bottom plot.
The spectra in Fig. 3 are rather featureless with the exception of a dramatic rise of the cross section at an energy corresponding to the 8 Li(T=2;E x = 10.822 MeV; 0 + )+n threshold, as seen in Fig. 3a . As demonstrated in Fig. 3 , this rise cannot be explained by Rutherford scattering. The T=3/2 levels in 9 Li in this excitation region are unknown, therefore a hybrid R-matrix approach based on the ideas of Refs. [22, 23] was utilized in the analysis. In this approach the effect of the unknown T=3/2 levels, which decay to many isospin-allowed open channels, is described by an optical model potential (details of the analysis will be published elsewhere). The introduction of the optical model increases the parameter space, though fortunately the =0 partial wave dominates the excitation function in the measured energy region (kR∼1), as expected from the nearly isotropic angular distributions. Contributions to the cross section from other partial waves were found to be negligible (see Fig. 4 ).
The narrow J π = 1/2 − resonance, suggested to be 1.3 MeV above the neutron decay threshold in 9 He [1, 5] , would have been easily observed in our data at an energy of about 1.2
MeV above the 8 Li(0 + ,T=2)+n threshold of 14.886 MeV. Instead, the excitation function in that energy region is featureless at all angles (Fig. 3) . The manifestation of the J π = 1/2 − resonance with a 100 keV width in the energy region of interest is shown in Fig. 3 neutron to proton ( 8 He+p) reduced width amplitude ratio is fixed by the isospin ClebshGordon coefficients (γ n /γ p =2). The experimental resolution is 50 keV at this CM energy and was also taken into account in the R-matrix calculation. To escape observation, the state would need to be as narrow as 20 keV in 9 He, i.e. even narrower than it was claimed in previous measurements. Another possible way this state could remain unobserved in the present measurement would be if it was strongly isospin impure. In this case the decays to many open T=1 channels would make the resonance broader and weaker. Our calculations show that the isospin mixing would have to be nearly 50% to make this possible. Isospin mixing on such a scale would need a special explanation. Second, it was shown that the actual energy of the J π = 1/2 + state in 9 He is far above that determined in Ref. [6] and more recently in Ref. [1] and that it has to be a very broad state.
Search for the states in neutron rich nuclei through their isobaric analogs has been proven to be very powerful technique even for the very difficult case of 9 He (all states are unbound and very broad). We expect that this approach will quickly gain popularity and will become an important tool for nuclear structure studies of very neutron rich isotopes with rare isotope beams.
